This paper describes the application of HPLC and CZE to analyze flavonoids in the leaves of Maytenus ilicifolia and Maytenus aquifolium, which are species widely used in Brazilian folk medicine. The two species showed different flavonoid profiles, but acidic hydrolysis of the Maytenus extracts confirmed that all these compounds are quercetin or kaempferol derivatives. A comparison of the CZE and HPLC profiles of Maytenus extracts showed numerous flavonoid peaks using HPLC. However, the advantages of CZE such as analysis without requiring clean-up and less generation of chemical waste than with HPLC point to the potential of the CZE technique for the quality control (routine analysis) of "espinheira santa" phytopharmaceuticals.
Introduction
Flavonoids are a heterogeneous group of polyphenols (about 4000 substances) present in all plants and responsible for their color, growth, development, and immunity [1, 2] and can occur in free form (aglycones) or linked to sugars (glycosides) [3] . Many flavonoids found in plants have biological and pharmacological activities, such as antimicrobial, antiinflammatory, and antiallergic action [4] [5] [6] [7] . The antioxidant property of these substances has also been established and correlated to their protective effects on cardiovascular disease and some forms of cancer [8] [9] [10] .
Maytenus ilicifolia and M. aquifolium (Celastraceae) are Brazilian medicinal plants known as "espinheira santa", which are used in Brazil as phytopharmaceuticals due to their antiulcer activity [11, 12] . Several studies focus on the bioactivity of Maytenus extracts, whose main compounds include flavonoid derivatives of quercetin and kaempferol [13, 14] and tannins [15] . These polyphenolic compounds can be correlated with the diverse pharmacological activities of these extracts [16, 17] . Due to the structural characteristics of polyphenolic compounds, most of the procedures described in the literature for the analysis of M. aquifolium and M. ilicifolia extract are based on RP-HPLC (reverse-phase high-performance liquid chromatography). Recently, however, a two-dimensional LC (size-exclusion-reverse-phase) procedure was employed for the LC-MS analysis of flavonol glycosides from M. ilicifolia leaves [18] .
Due to its robustness, sensitivity, and versatility, HPLC-UV/PAD (high performance liquid chromatography-ultraviolet detection using a photodiode array detector) is the technique of choice for the analysis of flavonoids and other phenolic compounds in natural products [19, 20] . However, more recently, CE (capillary electrophoresis) techniques, including CZE (capillary zone electrophoresis), have been introduced as an analytical tool in studies of many secondary plant metabolites, mainly due to the method's faster development, lower operating cost and solvent consumption, and higher separation efficiencies [19, 21] .
This work compares the HPLC and CZE techniques applied in the analysis of flavonoids contained in these two Maytenus species. Analytical methods for these two species that are suitable for application in agronomic studies or the quality control of phytopharmaceuticals, for example, require numerous analyses. In the development of these analytical methods, one must also keep in mind that the two 2 Chromatography Research International aforementioned Maytenus species are known by the same popular name, "espinheira santa", but only M. ilicifolia is registered in the 4th Edition of the Brazilian Pharmacopoeia (2003) [22] .
Materials and Methods

Plant Material.
Leaves of Maytenus aquifolium Mart. and Maytenus ilicifolia (Schrad.) Planch. (Celastraceae) were supplied by Dr. Ana Maria Soares Pereira (UNAERP-Universidade de Ribeirão Preto, Ribeirão Preto, SP, Brazil). These leaves were picked from specimens cultivated on the farm of the UNAERP campus; voucher specimens were deposited at the UNAERP herbarium and identified as HPMU-0755 (M. aquifolium) and HPMU-0266 (M. ilicifolia). Immediately after the leaves were picked, they were dried at 40 • C to constant weight, ground in domestic blender, and pulverized. Only particles of 0.5-1.0 mm were used for the extractions and were stored in glass flasks protected from light and humidity until required for analysis. No clean-up was necessary for the CZE analysis: the hydromethanolic extracts were simply filtered through 0.5 μm HF-PTFE membranes (Millipore) and analyzed. For the HPLC analysis, the extracts were subjected to liquid-liquid extraction using 5 mL of CHCl 3 ; the organic layer was discarded, and the hydromethanolic layer was filtered through 0.5 μm HF-PTFE membranes (Millipore) before the HPLC analysis.
Reagents and
2.4. Preparation of Standards. 0.01 g of each flavonol standard (rutin, quercetin, or kaempferol) was dissolved separately in 10 mL of MeOH. An aliquot of 0.1 mL of each stock solution was diluted to 10 mL with MeOH to obtain a stock solution containing the three flavonols; this stock solution was utilized in the HPLC and CZE analyses.
Thin Layer Chromatography.
Analyses were carried out on silica gel 60 aluminum sheets precoated with EtOAc/ HCOOH/H 2 O (6 : 1 : 1 v/v). After developing the plates, the solvent was dried and the flavonoids were visualized with diphenylboric acid 2-aminoethylester-PEG 400 under UV at λ = 360 nm [23] .
2.6. Acid Hydrolysis. Maytenus extract was evaporated to 8.3 mL and mixed with 1.7 mL of 2.0 mol/L HCl. The solution was refluxed for 10 min at 95 • C. The resulting extracts were filtered through 0.5 μm HF-PTFE membranes (Millipore) and analyzed by HPLC.
CZE Analysis.
The CZE analysis was performed in an HP 3D Capillary Electrophoresis System (Hewlett Packard, Waldbronn, Germany) equipped with a photodiode array (Hewlett Packard) and an HP Chem Station data processing system. Separations were performed using an uncoated fused silica capillary tube (Polymicro Technologies, Phoenix, AZ, USA) with a total length of 64.5 cm, effective length of 56.0 cm, and i.d. of 50.0 μm. Samples were injected in hydrostatic mode at 500 mbar for 7 s. The analysis was performed at 25 • C and an applied voltage of 20 kV, and the samples were introduced into the system in hydrostatic mode at 500 mbar pressure for 7 s. Capillary conditioning was carried out by first washing with H 2 O for 10 min, followed by 1.0 mol/L NaOH for 5 min, 0.1 mol/L NaOH for 5 min, and finally with the running buffer for 10 min. Between consecutive runs, the capillary tube was flushed with 0.1 mol/L NaOH for 5 min and running buffer for 5 min. Buffer solutions of sodium tetraborate and potassium phosphate in water were prepared, and the pH was adjusted using phosphoric acid or NaOH solutions. Optimal separation conditions were determined after testing different buffer conditions: concentration of tetraborate-phosphate (resp., 50 : 5; 30 : 5; 30 : 25; 30 : 50, 10 : 5 mmol/L) and pH values (8.0; 8.5; 9.0; 9.3; 9.5, 10.0), as well as the percentage of methanol (2.0; 5.0; 8.0, 12.0%) used as organic solvent.
HPLC-UV-PAD Analysis.
This analysis was performed in a modular LC System (Shimadzu, Kyoto, Japan) consisting of two LC-10 AD pumps; a CTO-10A column oven; an SPD-M10A variable wavelength diode array detector; the LC-10 Workstation Class data processing system. Supelcosil columns (Supelco, Bellefonte, PA, USA) with stationary phase C-18 and C-8 columns (250 mm × 4.6 mm, 5 μm) protected by guard columns filled with the same stationary phase (20 mm×4.6 mm, 5 μm) were utilized. The column oven was thermostat controlled at 35 • C, and the flow rate was 1.0 mL/ min. The injection volume was 10 μL (Rheodyne loop). Detection was monitored at 254 and 350 nm. The mobile phases tested were: (A) 2.0, 2.5 and 3.0% formic acid in water and 0.3% trifluoroacetic acid in water; (B) ACN or MeOH.
Results and Discussion
Prior to the HPLC analysis, the Maytenus extracts were subjected to TLC analysis. M. aquifolium extracts showed two spots with lower Rf values (= more polar compounds) than quercetin and kaempferol standards. The fluorescence of these spots indicated the presence of quercetin derivatives (orange fluorescent spots) and kaempferol derivatives (green fluorescent spots) [23] . M. ilicifolia extracts exhibited six glycoside flavonols derivatives of quercetin (one of them with Rf identical to that of rutin) and two glycoside flavonol derivatives of kaempferol. These compounds have higher Rf values and are therefore less polar than the two glycoside flavonols reported in M. aquifolium extracts [24, 25] .
HPLC-UV-PAD Analysis.
Optimization of the chromatographic conditions showed that the C-18 and C-8 columns were highly efficient in the separation of flavonoids from Maytenus. However, for M. aquifolium extracts, the C-18 column provided better resolution in the separation of flavonoids. The amount of formic acid (2.0% in water, solvent A) was chosen because the increase in the percentage of formic acid (2.5 and 3.0%) and its replacement with trifluoroacetic acid did not improve the resolution and led to similar separation efficiencies. Acetonitrile showed better results than methanol and was therefore selected as the organic solvent in the optimized HPLC conditions for the extracts of the two Maytenus species.
The HPLC-UV/PAD analysis led to the detection of two flavonoids in M. aquifolium leaves (Figure 1) .
The flavonoid peaks can be identified by their characteristic UV/PAD spectral pattern with two bands, Band I, λ max around 300-380 nm and Band II, λ max around 240-280 nm. Moreover, quercetin derivatives (λ max = 354 nm) can be distinguished from kaempferol derivatives (λ max = 344 nm) also considering the data obtained by TLC and the acid hydrolysis of Maytenus extracts [26] . Therefore, the comparison of the material obtained by acid hydrolysis (Figure 2(a) ) with authentic standards (Figure 2 In the chromatogram of Maytenus ilicifolia leaf extracts (Figure 3 ), twelve peaks show UV/PAD spectra characteristic of flavonoids. Peaks 1 to 4, 7, and 9 to 12 are quercetin derivatives (λ max ∼ 354 nm) while peaks 5 and 6 are kaempferol derivatives (λ max ∼ 344 nm).
Peak 8 was identified as rutin by direct comparison (retention time and UV-DAD spectra) with an authentic commercial standard (Figure 4 ). The acid hydrolysis of extract also confirmed quercetin and kaempferol as aglycones of M. ilicifolia flavonoids, which are identified in Figure 5 . Figures 6 and 7 illustrate the optimized conditions for CZE analysis of M. aquifolium and M. ilicifolia, respectively. The CZE/DAD-UV electropherogram of M. aquifolium showed the presence of two major compounds, peaks 1 and 2, respectively, identified as kaempferol and quercetin derivatives ( Figure 6 ), plus other minor Figure 7 ) indicates that these major peaks are more polar compounds, possibly the triglycosylated flavonoids reported in M. aquifolium extracts [24, 25] . The CZE separation was optimized based on the parameters of pH, buffer concentration, and the effect of modifier. An important parameter is pH, which changes the electroosmotic flow (EOF) and affects the degree of ionization of the solutes. The electrophoretic mobility (μ ef ) and migration times (t M ) of three flavonol standards-rutin, quercetin, and kaempferol-were calculated to verify the electrophoretic behavior of Maytenus extracts ( Table 1 ). The results indicate that the increase in pH values augmented both the μ ef and migration times of all flavonoids, while lower values pH showed a decrease in μ ef , resulting in a decrease in the negative charges of the compounds. Figure 8 illustrates the effect of pH on the μ ef of flavonol standards. The differences in their μ ef were attributed to differences in molecular size and in the number and acidity (pKa) of the free phenolic groups attached to the flavonoid skeleton, which contribute to different levels of charge in flavonol molecules due to differences in acidity. A pH of 8.5 was chosen for the CZE analysis of both Maytenus extracts due to the higher efficiency and resolution and faster analysis. An analysis was made of the influence of tetraborate and phosphate concentrations on the CZE analysis ( Table 2 ).
CZE Analysis.
The results showed that the decrease in tetraborate concentration diminished the resolution in the separation of 
where L t is the total lenght of the capillary, L ef is the effective lenght of the capillary, t m is the migration time of the analyte, t nm is the migration time of the neutral marker (methanol), and V is the applied voltage. the flavonol glycosides due to the minor presence of tetraborate complexes at this concentration. On the other hand, increasing the tetraborate and phosphate concentrations led to a decrease in EOF and an increase in migration time due to the higher viscosity of the buffer. The resolution was calculated using the peaks of kaempferol and quercetin derivatives (major flavonoids), and the best results were achieved with 50/50 mmol/L tetraborate/phosphate. However, 30/ 50 mmol/L tetraborate/phosphate showed better separation if one also considers the minor flavonoids, so the latter proportion was chosen as the optimum condition for both Maytenus extracts. , where Δμ ef is the difference on the electrophoretic mobility of the two analytes; μ ef is the mean of mobility of compounds corresponding to peaks 1 and 2; μ eof is the mobility of the eletroosmotic flow (neutral marker: methanol).
Figures 9 and 10 illustrate the effect of different percentages of methanol as organic modifier: the use of 12% methanol increased the migration times of the analytes. Moreover, methanol increased the resolution for some flavonoids that coeluted in the absence of organic modifier (peaks 3 to 5, Figure 6 , possible flavonols) in M. aquifolium. Similar results were observed in M. ilicifolia extracts, with the separation of peaks 6 (rutin) and 7; hence, the optimized conditions for both extracts (Figures 6 and 7) include 12% methanol.
Conclusions
The HPLC and CZE techniques can both be used in the analysis of flavonoids in Maytenus aquifolium and Maytenus ilicifolia extracts. The comparison of the results obtained by these techniques showed that CZE offers some advantages, for example, higher efficiency and resolution, shorter separation time, and the fact that CZE does not require cleanup of the extracts. Furthermore, the CZE method is an Figure 7 for electropherogram and identification of the peaks).
"ecofriendly", "green" analytical method, which was confirmed by the fact that the optimized conditions allowed for the elimination of acetonitrile from the mobile phase, a significant benefit considering its toxicity. These advantages suggest that CZE should be more widely exploited as an analytical method, for example, in the quality control of "espinheira santa" phytopharmaceuticals, particularly considering the huge amounts of chemical waste produced by the pharmaceutical industry in routine analyses. On the other hand, HPLC showed greater efficacy in the detection of flavonols, since twelve flavonols were detected using this technique while only ten flavonols were detected in the optimized CZE conditions.
